P Pu ur rp po os se e: : Preoperative investigations are frequently ordered according to care maps or protocols. We hypothesized that selective ordering of investigations by anesthesiology staff would reduce the number and cost of testing.
M Me et th ho od ds s: : Prospective descriptive double cohort study carried out over 17 weeks in a tertiary care preadmission clinic. In Group 1, testing followed usual practice (based on standing preoperative orders) while in Group 2 testing was initiated only on the order of an attending anesthesiologist or anesthesiology resident. Postoperative complications were categorized and confirmed by an internist blinded to group assignment. Fisher's exact test, Chisquare and Student's t test were used to compare the groups as appropriate. Statistical significance was inferred at P < 0.05. R Re es su ul lt ts s: : Data were obtained from 507 patients in Group 1 and 431 patients in Group 2. Demographics and ASA risk score were similar in both groups. The mean number of tests ordered did not differ between groups. The mean cost of investigations was reduced from $124 in Group 1 to $95 in Group 2 (P < 0.05). If data for patients assessed by staff anesthesiologists only were considered, the mean cost of testing was reduced to $73. The number and cost of tests ordered by anesthesia residents were similar to that in Group 1. More complications were noted in Group 2, but these did not appear to be related to the altered test ordering practice.
C Co on nc cl lu us si io on n: : Selective test ordering by staff anesthesiologists reduces the number and cost of preoperative investigations. Educational efforts should be directed towards improving resident and staff preoperative test ordering practices. 4 and procedure/disease based algorithms to guide test selection. 5, 6 The latter are usually institution or region specific and are incorporated into clinical pathways or care maps designed to standardize pre-and postoperative management of elective surgical patients. 6 Clinical pathways have proven to be cost effective, reducing laboratory and diagnostic charges without adversely affecting outcome. 7 In many situations, particularly where the patient is healthy or the procedure is relatively non-invasive, no preoperative investigations are performed. 8 In parallel with these developments, surgical preoperative assessment clinics have been established which obviate the need for hospital admission prior to the day of surgery. 9 This process has proven to be cost-effective and well accepted by patients. 10 Preadmission clinics are frequently not staffed by physicians but by nurses who function in a screening role, detecting medical or physical conditions that trigger an anesthesiology or internal medicine consultation. 11, 12 Indeed, even in clinics where patients are assessed preoperatively by an anesthesiologist, such as is the case in our clinic, preoperative test orders may not be individualized but rather ordered by the surgical service based on the clinical pathway for the proposed surgical procedure.
Objectif : Les tests préopératoires sont souvent demandés pour satisfaire à des plans thérapeutiques ou à des protocoles. Nous avons émis l'hypothèse qu'une demande sélective de tests par les anesthé-siologistes réduirait le nombre et le coût de ces tests.

Méthode
We hypothesized that a reduction in the number of diagnostic tests ordered and consequently the cost of such testing would occur if the anesthesiologist attending in the clinic assumed the responsibility for ordering them. Given the widely acknowledged influence of experience in determining what investigations might be appropriate, we also sought to find out if preoperative test ordering practices differed between resident and attending anesthesiologist staff.
M Me et th ho od ds s
This study was approved by the institutional health research Ethics Review Board and conducted at the preadmission clinic of a university tertiary referral centre. Written informed consent was obtained from the medical staff participating in the study. During the study period, patient assessment was performed by one of 34 staff anesthesiologists and six anesthesiology residents who attended the clinic daily on a rotational basis. All patients attending the clinic who were admitted to hospital following their procedure, (including those referred subsequently for subspecialty consultation by internal medicine and cardiology), apart from those scheduled for cardiac surgery or undergoing dialysis at the time of the clinic visit, were enrolled prospectively in the study.
Six months prior to the commencement of the study, input was sought from staff on what they considered core screening investigations. Pre-printed forms were developed listing these investigations. The forms allowed single tests to be selected (for example hemoglobin as distinct from complete blood count). Tests ordered outside this core group were not subject to analysis in this study.
The study was conducted in two phases. During the initial phase (Group 1), preoperative investigations were ordered as per the usual practice from preprinted orders specified in surgery-specific clinical pathways developed by surgeons, anesthesiologists and internists from our institution within the previous five years. The orders were signed by surgical rather that anesthesiology staff. Following an interval, during which the surgical, anesthesiology and nursing staff were subject to education on the study procedures, the second phase (Group 2) was initiated. In Group 2 test selection was individualized for each patient by either a staff anesthesiologist or an anesthesiology resident. In both groups, data were collected prospectively and entered into a database by a non-physician research assistant not involved in test selection or review. Patient demographics and the number of tests ordered were recorded. The total cost of each blood test, chest x-ray (CXR) and electrocardiogram (ECG) was obtained from our laboratory, radiology and cardiology services, respectively. These data included the professional fee component.
Following the anticipated discharge of each subject from hospital, the in-hospital medical record was reviewed by a clinical research assistant experienced in clinical data collection and blinded to group assignment, to determine the occurrence of the following perioperative complications: unplanned admission to an intensive care unit immediately following surgery, myocardial infarction, congestive heart failure, cerebrovascular accident, deep venous thrombosis, pulmonary embolism, pneumonia, renal failure or death. The occurrence of each individual complication was recorded (for example death arising in a patient that developed renal failure would give rise to two recorded complications). The record of any patient in which the aforementioned complications were noted was reviewed in a blinded fashion by an internist (F.McA.). The review assessed if the discharge diagnosis was supported by the data on file, using pre-standardized definitions for each outcome and a judgement made if the outcome could have been influenced by additional pre- Ordering frequency for each test and the complication rates between the groups were compared by Chisquare analysis and Fischer's exact test as appropriate. The number and cost of tests ordered in each phase was compared by Student's t test. Statistical significance was inferred at P < 0.05. The study had 100% power to detect the difference found in total test cost between the groups with an error rate of 0.001 and had 86% power to capture the recorded aggregate difference in complication rates between the groups with an error rate of 0.05. R Re es su ul lt ts s Test ordering data were obtained from 938 subjects, 507 (54%) in Group 1 and 431 in Group 2. The characteristics of the subjects in each group were comparable in terms of age, gender, co-morbidity (as suggested by ASA classification), as were types of scheduled surgery (Table I) .
The mean number of tests ordered did not differ between the groups with complete blood count, electrolytes, creatinine and ECG being the most frequently ordered investigations (Table II) . In Group 2, testing was more targeted in nature (hemoglobin rather than a complete blood count; type and screen rather than a group and cross match). CXR investigations were decreased by 50% in Group 2. The mean cost of preoperative testing was reduced from $124 in Group 1 to $95 in Group 2 (P < 0.05). Anesthesiology residents ordered more tests than their staff counterparts, but the costs incurred by resident staff were still less than that calculated in Group 1 (Table II ; P < 0.05).
Outcome data were not available in 31 patients: five subsequently refused surgery following their preoperative visit, seven deferred surgery because of personal or family illness, ten procedures were cancelled by the surgeon and nine subjects were lost to follow-up as their surgery was performed at another institution.
There were 20 a priori defined perioperative complications in 12 patients. Four patients in Group 1 suffered four complications and eight patients in Group 2 suffered 16 complications (P < 0.05). There were no deaths in Group 1 but four deaths in Group 2 (P < 0.05). The deaths were as follows: A 58-yr-old female died on day 14 following an esophagogastrectomy, (she had previously received a double lung transplant). A 53-yr-old male who underwent resection for metastases in the liver died of hepatic failure. A 79-yr-old female who also underwent resection of liver metastases died from septic shock, and an 80-yr-old man with a primary diagnosis of adenocarcinoma of the colon died from septic shock subsequent to a colostomy procedure. Three patients were admitted on a non-scheduled basis to the intensive care unit. Overall complications included three episodes of heart failure, two myocardial infarctions, one stroke, one episode of pneumonia, and two occurrences of deep venous thromboses. There were four occurrences of postoperative renal failure, all of which arose in Group 2 patients. The internist reviewed the complications, he concluded in all cases that the selection of preopera- D Di is sc cu us ss si io on n Our data suggest that, in a tertiary referral centre, individualization of preoperative testing by a staff anesthesiologist is a more cost-effective approach to test selection relying on protocols or algorithms. The mean cost of preoperative investigations ordered in this manner was significantly lower than that incurred when test selection was driven by surgery-specific clinical pathway algorithms. Preoperative assessment is thought to be a key process in minimizing the morbidity of surgery. Diagnostic studies should be used as an adjunct to the findings obtained from a review of the medical history and the subsequent physical examination or ordered to ensure that clinically silent conditions which can influence perioperative outcome are detected. In consequence, individualization of test selection should be the preferred approach to the use of diagnostic services in preoperative assessment. This is particularly relevant in the assessment of patients presenting for surgery with multiple co-existing disease states. The majority of our sample population was considered to have moderate or severe systemic disease by ASA classification reflecting the tertiary care status of the hospital where the study was conducted. Despite this, the mean number of tests ordered in this high risk population was similar to that previously reported in healthy patients. 13 This finding may reflect the effectiveness of the joint clinical pathway develop- ment process in reducing preoperative testing or a discriminating attitude on the part of our surgical staff. Nevertheless, the cost of tests ordered in both groups was substantial. CXR examinations were the most expensive test ordered in both phases of the study. The benefit of CXR examinations performed as part of a preoperative evaluation process has long been questioned.
14 There is convincing evidence that CXR examination yields little information of benefit in reducing the risk of a surgical procedure, even if abnormalities are detected.
2 While a significant reduction in CXR examinations did occur in Group 2, it is surprising, given the aforementioned evidence, that staff anesthesiologists still ordered a CXR on 20% of patients they assessed. While these data compare favourably with the outcome of an active process to implement practice guidelines for preoperative radiological investigations, 15 they suggest that further reductions are possible and appropriate. 16 ECG investigations were ordered in ~ 60% of cases in both phases of the study, reflecting the recommendation by the American College of Cardiology /American Heart Association that an ECG examination form part of the baseline preoperative assessment of patients at risk of having cardiac disease. 17 The usefulness of the ECG in risk stratification has been questioned, particularly when the test is ordered based on a patient's age rather than for any specific indication. 18 This view is controversial, as in the elderly, silent myocardial infarction is not an infrequent occurrence and the availability of baseline ECG findings is very helpful in the subsequent diagnosis and management of suspected adverse cardiac events. 19 In Group 2, requests for hemoglobin assessments increased and those for complete blood counts decreased, and blood cross match requests were less frequently ordered in lieu of type and screens. As a consequence of this altered pattern of practice, the laboratory was able to provide test results within one hour rather than at the end of the clinic day, the latter being an unanticipated consequence of our study.
The overall number of tests ordered were not reduced in Group 2 relative to Group 1, however, the total cost of tests ordered was markedly reduced when testing was individualized. When Group 2 data were analyzed based on whether tests were ordered by resident or staff anesthesiologists, it became apparent that the test ordering practices of resident staff did not differ from Group 1 data. Indeed, the significant difference in cost between Groups 1 and 2 occurred only because of the reduction in number and cost of tests ordered by staff anesthesiologists. This finding suggests that our education of resident staff in the selection of appropriate preoperative investigations was deficient. A similar pattern of excessive test ordering by resident staff has been reported in the critical care and emergency medicine areas. 20, 21 Fortunately, education appears to be very effective in altering this behaviour pattern. 22 All of the study patients were scheduled for procedures requiring postoperative admission and thus were a select population, in that most elective surgery is outpatient based. 11 This fact may have influenced test selection. The role of preoperative testing, particularly in healthy individuals or outpatients undergoing relatively non-invasive procedures, is questionable. 13, 23 Imasogie et al. 24 recently demonstrated that considerable cost savings could be achieved, without adverse consequences, by discontinuing routine testing in patients scheduled for cataract surgery. These data support other studies where, in the absence of evidence on history and physical examination of undiagnosed disease, little if any information of consequence was added by preoperative screening. 25 We acknowledge that the number of adverse events in Group 2 was statistically higher than in Group 1. However, the event rate, even in Group 2 was less than 4%, which compares favourably with complication rates recorded in other high-risk populations. We are reassured that our blinded chart reviewer could not attribute any adverse outcome to a deficit in testing preoperatively. Our reliance on the judgement of an individual physician in this fashion raises the question of bias. It is clear that structured collection of outcome information prospectively, as a matter of routine, would be very valuable in assessing the consequences of procedural changes in hospital processes.
We have demonstrated that selection of preoperative tests by staff anesthesiologists resulted in less testing and less cost than surgery-specific critical pathways or resident-driven test ordering. Secondary and unexpected findings were the probable over-ordering of CXR investigations and the different test ordering pattern of staff and resident anesthesiologists. The latter findings are relatively simple issues to address by education initiatives.
